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Abstract
Integrated vector management (IVM) is defined as "a rational decision-making process for the
optimal use of resources for vector control" and includes five key elements: 1) evidence-based
decision-making, 2) integrated approaches 3), collaboration within the health sector and with other
sectors, 4) advocacy, social mobilization, and legislation, and 5) capacity-building. In 2004, the
WHO adopted IVM globally for the control of all vector-borne diseases. Important recent progress
has been made in developing and promoting IVM for national malaria control programmes in Africa
at a time when successful malaria control programmes are scaling-up with insecticide-treated nets
(ITN) and/or indoor residual spraying (IRS) coverage. While interventions using only ITNs and/or
IRS successfully reduce transmission intensity and the burden of malaria in many situations, it is not
clear if these interventions alone will achieve those critical low levels that result in malaria
elimination. Despite the successful employment of comprehensive integrated malaria control
programmes, further strengthening of vector control components through IVM is relevant,
especially during the "end-game" where control is successful and further efforts are required to go
from low transmission situations to sustained local and country-wide malaria elimination. To meet
this need and to ensure sustainability of control efforts, malaria control programmes should
strengthen their capacity to use data for decision-making with respect to evaluation of current
vector control programmes, employment of additional vector control tools in conjunction with
ITN/IRS tactics, case-detection and treatment strategies, and determine how much and what types
of vector control and interdisciplinary input are required to achieve malaria elimination. Similarly,
on a global scale, there is a need for continued research to identify and evaluate new tools for
vector control that can be integrated with existing biomedical strategies within national malaria
control programmes. This review provides an overview of how IVM programmes are being
implemented, and provides recommendations for further development of IVM to meet the goals
of national malaria control programmes in Africa.
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Background
The control of vector-borne diseases represents one of the
greatest global public health challenges of the 21st century.
Malaria and other vector-borne diseases contribute sub-
stantially to the global burden of diseases and dispropor-
tionately affect poor and under-served populations living
in tropical and sub-tropical regions [1-5]. In the absence
of effective control, these diseases have a major impact on
public health and socio-economic development. The
standard chemical, biological and physical control meas-
ures used to kill mosquitoes and other insects vectors, as
well as active and passive case-detection and treatment of
human infection, have a long and proven track-record of
saving lives. However, the potential benefits of integrating
vector control strategies into national health and commu-
nity systems have not been fully realized, especially in
sub-Saharan Africa.
Integrated vector management (IVM) is not a new concept
and the basic principles of IVM have been used over the
past century in the U.S.A. and elsewhere for mosquito
control. An example includes the vast network of Mos-
quito Abatement Districts throughout the U.S.A. [6-9].
These operations are designed to protect people from nui-
sance-biting and vector species of mosquitoes and are
guided by the following basic principles: 1) to effectively
reduce adult vector populations and pathogen transmis-
sion; 2) that interventions should be ecologically, envi-
ronmentally, socially, economically and politically
acceptable; 3) that management strategies should not cre-
ate adverse side effects such as environmental contamina-
tion or the development of resistance, nor should they
have a negative impact on non-target organisms, includ-
ing beneficial insects, humans, domestic animals and
wildlife; 4) to understand the transmission cycle, the life
history of the vector species, and the natural factors regu-
lating vector survivorship are critical, 5) that the most
effective programmes develop descriptive and predictive
models for population dynamics and transmission poten-
tial; 6) to have flexibility in terms of changing strategies
and tools in response to surveillance and biological data;
and 7) that management strategies should be dynamic
and able to respond to the results of an active and sensi-
tive mosquito/pathogen surveillance programme.
All the tactics of standard vector control are included in
the IVM approach. IVM goes beyond the integration of tra-
ditional control measures to emphasize strategies to make
vector control programmes compatible with national
health systems. IVM also incorporates decision-making
based on human and institutional resources, and engages
communities to promote sustainability. IVM encourages
integrative, multi-disease approaches and promotes the
systematic application of different interventions in com-
bination and in synergy with each other. The framework
for implementation strategies extends beyond the health
sector and involves multiple stake-holders. To promote
success, IVM requires continual monitoring, evaluation
and legislation, linked with a strong commitment and
concerted action by governments and international
organizations [10].
In 2004, the global strategic framework for IVM was pre-
pared establishing new, broad principles and approaches
to vector control that are applicable to all vector-borne
diseases [10]. IVM was incorporated into a global strategic
framework with the underlying rationale that effective
control of vector-borne diseases will yield tremendous
benefits for health and socio-economic development
[11]. As part of the global plan to combat neglected trop-
ical diseases for 2008–2015, the WHO has called for the
strengthening of IVM and capacity building as one of the
strategic areas for action [12]. In 2008, WHO issued a
position statement [13] supporting IVM as set out in the
Global Strategic Framework for Integrated Vector Manage-
ment [10]. This statement is intended to accelerate the
development of national IVM policies and strategies, and
encourage international organizations, donor agencies
and other stakeholders to support capacity building nec-
essary for IVM implementation.
Historically, the implementation of integrated
approaches to vector control has been a slow and compli-
cated process. In the 1970's, WHO listed five reasons for
the slow uptake of integrated vector control: 1) over-esti-
mation of the requirements of integrated control: "most
programme managers are unaware of this possibility that an
integrated approach can, in principle, be introduced without
additional resources"; 2) over-sophistication of integrated
control: "in short, for many mosquito species enough is already
known ....to base the introduction of integrated control"; 3)
insufficient conviction of the advantages of integrated
control; 4) misconceptions about the use of pesticides in
integrated control: "project managers need to be assured that
integrated control does not, nor cannot, mean exclusion of pes-
ticides, but their more rational and correct use."; and 5) insuf-
ficient consciousness of comparative costs, effectiveness,
benefits and risks: "application of pesticides, especially via
indoor residual spraying (IRS), frequently becomes a routine
practice, regardless of the need or the results obtained" [14].
Additional reasons for the slow uptake of integrated vec-
tor control, as of late, include a lack of capacity building,
poorly defined roles for advocacy and legislative activities,
and a general lack of intersectoral linkage within the
health sector.
Like traditional approaches to vector control, IVM relies
on an understanding of how environmental factors affect
the distribution and densities of different species of vec-
tors, and how effectively control measures reduce vector-Malaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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human contact, vector survival and the overall intensity of
pathogen transmission. IVM expands on traditional
approaches to vector control in that collaboration with
local communities, other stakeholders (e.g. ministries of
agriculture, environment, or sewer and water-works), and
public health regulatory and legislative frameworks sup-
port the evolution of vector control. Programmes seeking
to implement IVM must appreciate that "effective IVM
requires the establishment of principles, decision-making crite-
ria and procedures, together with time-frames and targets"
[15,16]. These principles should be incorporated into
national health policies and supported by legislation and
regulation.
Figure 1 illustrates the framework for IVM. Distinguishing
characteristics of IVM, as they have been refined over the
years, are listed below [10]:
￿ Advocacy, social mobilization and legislation. Promo-
tion and embedding of IVM principles in the develop-
ment policies of all relevant agencies, organizations and
civil society; establishment or strengthening of regulatory
and legislative controls for public health and pesticide
management; empowerment of communities.
￿ Collaboration within the health sector and with other
sectors. Consideration of all options for collaboration
within and between public and private sectors; strength-
ening channels of communication among policymakers,
vector-borne disease control programme managers and
other IVM partners.
￿ Integrated approach. Ensure rational use of available
resources through a multi-disease control approach, inte-
gration of non-chemical and chemical vector control
methods, and integration with other disease control
measures, such as active and passive case detection and
treatment.
￿ Evidence-based decision-making. Adaptation of strate-
gies and interventions to local vector ecology, epidemiol-
ogy and resources, guided by operational research and
subject to routine monitoring and evaluation.
￿ Capacity-building. Development of essential physical
infrastructure, financial resources and adequate human
resources at local and national levels to manage IVM pro-
grammes based on needs assessments.
Why traditional vector control approaches have not solved 
the problem
Throughout Africa, National Malaria Control Pro-
grammes have recently embarked on emphasizing vector
control as an essential component [10,17]. Most pro-
grammes are using ITNs and/or IRS. When optimally
employed, these vector control measures can reduce
malaria parasite transmission by 90% or more and can
correspondingly reduce malaria incidence, malaria preva-
lence, high parasite density, and clinical malaria [18-20].
However, questions remain: Are malaria vector control
approaches involving ITNs and IRS sufficient? Where and
when are they effective? What else is needed to eliminate the
remaining low-levels of transmission? There is also a strong
case for implementing larval control to target immature
stages of anopheline mosquitoes to reduce malaria trans-
mission [21-27], but further field trials are needed to
show how these additional measures, beyond ITNs and
IRS, have a substantial impact on malaria transmission
and resulting morbidity and mortality. Clearly, more
comprehensive strategies and tools are required when suc-
cessful malaria control programmes reach a stage when
they have to adjust their objectives to strategies for coun-
try-wide malaria elimination [28]. Even with substantial
success in vector control and renewed enthusiasm, many
experts believe that the global eradication of Plasmodium
falciparum and Plasmodium vivax malaria will take at least
another 50 years [29].
In developing countries, Ministries of Health are normally
charged with mosquito control as part of their overall
public health programme, although lines of responsibility
and organizational networks vary according to different
countries. National guidelines are often developed with
input from international organizations, such as the WHO
IVM framework and distinguishing characteristics Figure 1
IVM framework and distinguishing characteristics.Malaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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and the CDC; these guidelines influence the strategies and
tools employed for control programmes that are carried
out by decentralized units of the government. However,
there are many reasons why vector-borne diseases remain
a major public health problem: 1) entomologists and vec-
tor-control specialists often fail to convince decision-mak-
ers of the importance of sound vector control; 2)
intersectoral collaboration has been recommended as a
method to improve mosquito control, but in practice, this
type of collaboration has proved difficult; 3) modeling
and adaptive management have not been used effectively
to quantify the effect of disease and vector control inter-
ventions on the economic and social development of
communities and nations; 4) failed management of insec-
ticides has created a conflict of "to spray or not to spray";
5) there has been a failure to connect the true disease bur-
den with other societal burdens to establish the public
health importance of vector-borne diseases in low-trans-
mission settings; 6) the interaction between proper utili-
zation of law enforcement and health education has not
been explored in sufficient detail; 7) economics plays a
central role in mosquito-borne disease control but has not
been fully integrated in the evaluation of disease control
programmes; 8) entomologists and public health special-
ists have failed to convince decision-makers that they have
an ethical duty to control mosquitoes and the pathogens
they transmit; and 9) biomedical strategies, such as active
and passive case-detection and treatment, are often used
instead of preventative vector control measures, as a result
of international donor requirements.
A comparative evaluation of vector-control programmes
in five countries [30] suggests that one of the key chal-
lenges to successful vector control is the lack of intersecto-
ral collaboration. Many control programmes are
structured under Ministries of Health, without organiza-
tional links to other government ministries (e.g. environ-
ment, education, agriculture and tourism), municipal
entities (e.g. engineering, sanitation and water resources)
or links to stake-holders in communities (e.g. businesses,
educators, community groups and NGO's). Various tech-
niques are being used to control mosquitoes, but the pro-
grammatic approaches are generally not linked with
mosquito surveillance, fundamental information about
the ecology and behaviour of the vector species, or heath-
systems data on disease. In addition, a common problem
is the lack of stable funding for mosquito control opera-
tions and the lack of initiatives to apply leverage in sup-
port of mosquito control by other government and
community entities. In many respects, the IVM global stra-
tegic framework is designed to overcome some of these
problems, but is proving difficult in reality.
Progress in implementing IVM continues to be slow. In an
Institute of Medicine review of Vector Borne Diseases,
David Morens cites five fundamental deficiencies that
inhibit our ability to find realistic solutions for vector-
borne disease problems: deterioration of public health
infrastructure, lack of adequate funding, lack of adequate
training and training models, over-specialization in the
biomedical sciences, driven by emerging technology and
emphasis on the basic sciences, and bureaucratization
[31]. If IVM is to be successfully integrated into national
malaria control programmes, these deficiencies must be
addressed.
Implementing the IVM approach
A recent report by Chanda et al. [32] describes a compre-
hensive and highly successful IVM program that has been
implemented by the Zambian National Malaria Control
Program. Over a relatively short time period, this program
has expanded coverage of vector control interventions and
leveraged additional resources to build national capacity
to the point where they have successfully reduced malaria-
related morbidity and mortality. In many respects, the
successful implementation of IVM and integrated malaria
control in Zambia serves as a prominent success story for
all of Africa.
While much remains unknown about the impact of fully
developed IVM programmes on malaria transmission [33-
36], the IVM approach continues to be a strategy with
great promise for disease control in Africa [37-39]. Histor-
ically, programmes with IVM elements have brought
about significant reductions in vector populations and
malaria transmission across a range of transmission set-
tings [40-42]. There is evidence that IVM can complement
other existing malaria control strategies (ITN use, access to
effective treatment) by avoiding reliance on any single
intervention to reduce the burden of malaria [43-45].
Castro and colleagues [46] described a successful inter-
vention in Dar es Salaam, Tanzania, from the late 1980's
through the 1990's, with elements of IVM included in the
strategy. Gilroy and colleagues [47] reported decreases in
malaria incidence and sporozoite prevalence rates in
Nigeria using a variety of environmental management
techniques, including source reduction and drainage.
Utzinger and colleagues [39] reviewed environmental
management (EM) activities in peri-urban habitats, towns
and areas of disturbed land, around Zambian Copper
mines; significant reductions in malaria transmission
were achieved over a three to five-year period, using a
combination of drainage, filling larval habitats, and bed
nets. Keiser and colleagues [37] conducted a meta-analysis
on EM studies globally and concluded that EM can have a
significant impact on clinical malaria, if EM is appropriate
to the eco-epidemiological setting. EM was also used with
available larvicides to control malaria in the coastal city of
Mombasa [42]. Schliessmann and colleagues [48] used aMalaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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combination of water drainage techniques and larviciding
to reduce the number of malaria cases by 98% from 1969
to 1970 in a coastal flood plain of Haiti. In India, Sharma
and colleagues [49,50] reported over 95% reduction in
malaria incidence over a four-year period for communi-
ties receiving a combination of water-source reduction
activities and biological control in larval habitats. Collec-
tively, these studies suggest that multiple vector control
strategies may be beneficial when used in combination.
Further evaluations are needed to examine the effective-
ness of IVM for reducing malaria in Africa. The absence of
IVM evaluations, as well as evaluations of packages of
interventions, has been noted recently by several research-
ers [51-53].
One of the largest integrated disease control schemes
developed in the 1980's was the Blue Nile Health Project
[54]. The 10-year project resulted in the development of
better strategies for controlling schistosomiasis, malaria
and diarrhoeal diseases in a major area of Sudan.
Sri Lanka has long linked vector control with agricultural
development. In the 1970s and 1980s, the Mahaweli River
hydroelectric and irrigation development project caused
new foci of malaria transmission to emerge around Kandi.
The hydrological changes and the relocation of people
between malaria endemic and non-endemic areas as a
result of resettlement due to the dam reservoirs, contrib-
uted to an upsurge in malaria [55] and Japanese encepha-
litis [56]. This led to a series of integrated vector control
strategies based on community participation, ITNs, and
larval source management [57]. The work in Mahaweli
evolved in 2002 when FAO provided a grant for the initi-
ation of a project on "Integrated Vector and Pest Manage-
ment" [58]. An important innovation involved
participatory education known as the "Farmer Field
Schools", making the connections between health, vector-
borne disease control and agricultural productivity [59].
Eritrea uses national-level ITN distribution strategies, lar-
val habitat management in malarious areas, and indoor
residual spraying in areas with the appropriate eco-epide-
miological characteristics. Although Eritrea has seen a
marked drop in malaria parasite prevalence and disease,
no rigorous evaluation of the IVM activities linked to
health outcomes has been done. Among the reasons why
impact evaluation exercises have not been done are cost
and time. In many instances, not enough resources are
allocated for the proper evaluation of an intervention pro-
gramme, forcing the use of a less rigorous study designs
for establishing causal inference.
IVM should be seen as a framework and a strategy rather
than a circumscribed, tactical intervention. As such there
are a large number of African national malaria control
programmes that incorporate some, but possibly not at
the present time, all of the IVM elements. "Community-
based" IVM programmes incorporating larval source man-
agement have recently been implemented in two different
settings: in Rusinga Island, Western Kenya [27], and in
Dar es Salaam, Tanzania [46,60]. Recent reviews of envi-
ronmental management [37,39] and larval control [26]
contain additional examples. Table 1 provides a list of ele-
ments that should be considered when developing IVM
approaches. These elements have been used successfully
in mosquito-abatement districts in the U.S.A. Most gov-
ernment-operated vector-control programmes in Africa
have not implemented the mentioned elements in their
entirety or have implemented them with limited effi-
ciency needed for vector and disease management. These
elements must be part and parcel of an IVM approach for
it to succeed [8].
The implementation of IVM requires a needs assessment
of vector control capability through:
￿ Policy needs: reform and adjustment of the policy frame-
work which provides the enabling environment for vector
control;
￿ Institution building needs: the strengthening of existing
institutions and the arrangements between them that aim
at facilitating vector control;
￿ Managerial development needs: the establishment of clear
criteria and decision-making procedures to manage the
vector control programme;
￿  Technical strengthening: development of the technical
facilities to support vector control programmes;
￿ Human-resource development needs: the formation and in-
service training of personnel in the relevant disciplines
and skills.
￿ Community participation; this will ensure the sustainabil-
ity of control approaches.
Needs assessments of vector control capability must iden-
tify approaches that will assure that the elements from
Table 1 are properly and efficiently integrated into routine
efforts of African malaria control programmes, since the
elements listed in the table inherently encompass policy,
institution building, managerial development, technical
strengthening, human resources, and community partici-
pation needs.
Achieving momentum for the IVM movement
IVM in the Africa region was launched at a regional work-
shop of policy makers and vector control specialists inMalaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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Harare in February 2001. From that workshop a strategic
plan was further developed to initiate the implementation
of IVM in Africa.
Subsequently, a series of regional IVM training workshops
were organized in Nairobi, Kenya in 2002 and 2004, and
in Accra, Ghana in 2003. A total of 31 participants from
Table 1: IVM checklist for a vector control programme (modified from Hatch 1973 [9] and Challet 1991 [6]).
Vector control elements General description Specific activities
Programme administration • How to manage of vector control? 1. Goal setting
2. Policy development
3. Developing staff duties
4. Risk management
5. Legislation development and enforcement
Financial and economic assessment • What is the economic burden of disease and 
how do you finance vector control?
1. Conduct cost-effectiveness analysis
2. Financial planning: identifying source of 
revenue 
(i.e. taxes, lottery, income generation activities, 
etc.)
Facilities and equipment • What elements are needed to do vector 
control?
1. Selecting and assigning facilities
2. Determining available and needed equipment
Vector surveillance • How to measure program effectiveness? 1. Vector population surveillance
Disease detection • How to determine the quality and quantity of 
control efforts?
1. Disease detection programme to monitor 
vector-borne disease parameters
Control activities • How to establish a guide to control 
operations that will use the most effective, yet 
environmentally sensitive method of vector 
control?
1. Determine appropriate control methods: i) 
environmental management, ii) biological 
control, iii) chemical control, iv) legislation
2. Integrate efforts where possible to achieve 
synergy
Public education and relations • How to communicate and interact with 
community regarding vector control?
1. Personal public education
2. Printed public education
3. Customer service
4. Multimedia education (i.e. TV and internet)
5. Community outreach
Record/reporting/evaluation • How to evaluate the programme and 
achievement of goals?
1. Keeping, compiling and reporting activities
2. Summarizing annual reports and linking to 
goals and objectives
3. Analyze data to evaluate effectiveness
4. Model data for ecological, human, vector, 
disease and control trends
Intergovernmental coordination/environmental 
planning
• How to coordinate activities between 
stakeholders, which have mutual concerns for 
vector control, through interagency 
partnerships?
1. Contact between local and national 
governments
2. Planning between vector control staff and 
environmental development staff
3. Assessment of environmental impact related 
to vectors and pest
4. Develop relationship with conservationist 
and wildlife enthusiastMalaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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23 countries, including entomologists and vector control
specialists working with Ministry of Health disease con-
trol programmes and Ministries of the Environment,
attended the workshops [61].
National plans of action were prepared and implementa-
tion of IVM was started in 16 countries. Vector-control
needs assessments and the organization of national con-
sensus workshops on IVM have been conducted in nine
countries. In order to support all these efforts, the "Part-
nership for IVM in Africa", called "IVM Africa," was
founded in Harare with six organizations initially: WHO,
UNEP, ICIPE, the USAID Environmental Health Project
(EHP), The Hashimoto Initiative, and the Panel of Experts
on Environmental Management (PEEM) [62].
There is a rapidly increasing number of programmes
incorporating ITNs with IRS [63]. For example, in Boiko
Island in Equatorial Guinea, ITNs have been used for over
13 years and, in 2004, an IRS campaign was also initiated
[64]. Additionally, through the U.S. Government Presi-
dent's Malaria Initiative, vector control operations are
being supported in 15 African countries within the frame-
work of IVM, including the distribution and promotion of
ITNs generally and IRS in targeted communities (6 mil-
lion LLINs and 17 million persons covered by IRS by end
of 2007). As well, in some specific situations larval source
management is being used in combination with ITNs and
IRS (e.g. Dar es Salaam). Capacity for entomological mon-
itoring is a key feature of the IVM framework. This has
lagged behind the scale-up of IRS and ITNs, but includes
collaboration with NMCPs and national research institu-
tions to conduct vector density and insecticide resistance
monitoring, and in some countries support for bio-assays
to judge the duration of effectiveness of IRS application
on different wall surfaces.
The Global Malaria Business Plan and a recent technical
review of Global Malaria Control and Elimination [28]
recognize that as programmes scale up from providing
ITNs to vulnerable individuals to community-wide inter-
ventions, the focus shifts from personal protection to vec-
tor control requiring not only a large financial investment
in commodities and deployment, but an investment in
human resources for planning, targeting, monitoring and
evaluating the various control interventions. Furthermore,
"Sustained Control" of 15–30 years implies the need for a
new generation of public health professionals with tech-
nical skills in malaria control. Now is the time to
strengthen and provide links between the national aca-
demic and research institutions and the NMCPs, both for
academic and technical training.
Recommendations for the future of IVM for malaria 
control in Africa
There is a need to show that IVM approaches are being
implemented and that they are making an impact. In
addition to the basic requirements for implementing IVM
at the national level for malaria control, further coordi-
nated national and international efforts and financial sup-
port are needed to achieve the following:
￿ Strengthen capacity-building for IVM at national level,
improve the scope and quality of regional IVM training
initiatives, and support post-graduate education.
￿ Further promote interdisciplinary integration and inter-
sectoral cooperation by engaging appropriate stake-hold-
ers at the national level, including community groups and
NGOs, and engaging experts from outside traditional
entomological and public health frameworks for vector-
borne disease control.
Research • How to build research to determine how 
local conditions are changing in response to 
vector control and develop new approaches 
for control?
1. Incorporate applied basic research in the 
programme
2. Review research design and statistical 
methods
Emergency preparedness • How to plan on how to dealing with disease 
situations and natural disasters?
1. Identify responsible agency that coordinates 
and communicates with the public
2. Develop vector and disease surveillance that 
provide early alert to potential emergency 
conditions
3. Key control actions to specific situation
4. Reserve funding for emergency situations
Training and continuing Education • How to mandate elements for certified 
personnel?
1. Mandatory training to certify technicians 
each year
2. Establish training programmes with sufficient 
budget
3. Attend professional and society meetings
Table 1: IVM checklist for a vector control programme (modified from Hatch 1973 [9] and Challet 1991 [6]). (Continued)Malaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
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￿ Promote the incorporation of emerging technologies in
database management, information systems, and com-
munication into the IVM strategy for better national and
regional level operations.
￿ Develop novel training models that also have interac-
tion components among entomologists in the field,
health-care workers in the clinics and decision-makers in
national and local government offices.
￿ Support research that further elaborates approaches and
tactics needed to combat malaria, especially for low-trans-
mission settings where national programmes have suc-
cessfully reduced levels of transmission and are now
pursuing or moving toward country-wide elimination.
￿ Support research in options for improving strategic
management and decision-making to more comprehen-
sively integrate IVM strategies into national malaria con-
trol programmes.
￿ Support international research to develop new tools for
malaria vector control, including new generation insecti-
cides, new biological control strategies, new trapping
methods, and innovative methods that target mosquitoes
at different points in their life history cycles (i.e., sugar-
feeding, mating, oviposition, blood-feeding).
￿ Identify and support activities that establish long-term
partnerships between national malaria control pro-
grammes and international experts and institutions to
strengthen capacity building and operational research
components of IVM programmes.
￿ Establish and fund IVM demonstration projects across
different malaria-endemic environments to illustrate the
importance of integrated IVM approaches for vector-
borne disease control.
￿ Increase research on the financial and economic costs of
IVM including projected estimates of IVM, real-world
cost-effectiveness calculations of IVM programmes from
demonstration projects, and financial and economic
models related to scaling-up IVM in Africa.
List of abbreviations used
IVM: Integrated Vector Management; ITNs: Insecticide-
treated bednets; IRS: Indoor Residual spraying; WHO:
World Health Organization; CDC: Centers for Disease
Control; FAO: Food and Agriculture Organization; NGOs:
Non-governmental organizations; UNEP: United Nations
Environment Programme; ICIPE: International Centre of
Insect Physiology and Ecology; USAID: United States
Agency for International Development; LLINs: Long-last-
ing insecticide-treated bednets; NMCPs: National Malaria
Control Programmes.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
JCB conceived the review concept, organized the draft sec-
tions, co-wrote sections of the draft and edited the overall
manuscript. JK participated in the conception, helped
organize the draft sections, co-wrote sections of the draft
and helped in editing the overall manuscript. JIG partici-
pated in the conception and helped in editing the overall
manuscript. MBM participated in the conception, co-
wrote sections of the draft, and helped in editing the over-
all manuscript. DEI co-wrote and edited sections of the
manuscript and formatted the draft for submission. RJN
participated in the conception, provided specific IVM
information, co-wrote sections of the manuscript and
helped in editing the overall manuscript.
Acknowledgements
We would like to thank Dr. Lucien Manga for helpful discussions and com-
ments on the manuscript. In part, this review was supported by National 
Institutes of Health Grant P20 RR020770 and U01-A1054889, and the 
Abess Center for Ecosystem Science and Policy (CESP), University of 
Miami.
This article has been published as part of Malaria Journal Volume 7 Supple-
ment 1, 2008: Towards a research agenda for global malaria elimination. 
The full contents of the supplement are available online at http://
www.malariajournal.com/supplements/7/S1
References
1. Grepin KA, Reich MR: Conceptualizing integration: a frame-
work for analysis applied to neglected tropical disease con-
trol partnerships.  PLoS Negl Trop Dis 2008, 2:e174.
2. Mathers CD, Ezzati M, Lopez AD: Measuring the burden of
neglected tropical diseases: the global burden of disease
framework.  PLoS Negl Trop Dis 2007, 1:e114.
3. Lammie PJ, Fenwick A, Utzinger J: A blueprint for success: inte-
gration of neglected tropical disease control programmes.
Trends Parasitol 2006, 22:313-321.
4. Stratton L, O'Neill MS, Kruk ME, Bell ML: The persistent problem
of malaria: Addressing the fundamental causes of a global
killer.  Soc Sci Med 2008, 67:854-862.
5. Walther B, Walther M: What does it take to control malaria?
Ann Trop Med Parasitol 2007, 101:657-672.
6. Challet GL: Elements of a vector control program.  J Am Mosq
Control Assoc 1991, 7:103-106.
7. Challet GL: Mosquito abatement district programs in the
United States.  Gaoxiong Yi Xue Ke Xue Za Zhi 1994,
10(Suppl):S67-73.
8. WHO:  Integrated vector control. Seventh report of the
WHO Expert Committee on Vector Biology and Control.
World Health Organ Tech Rep Ser 1983, 688:1-72.
9. Hatch CL, Williams JW, Jarinko PA: Guidelines for measuring
proficiency as an aid in mosquito abatement program assess-
ment.  Mosq News 1973, 33:228-233.
10. WHO:  Global strategic framework for integrated vector
management.  World Health Organization 2004, 10:1-12. WHO/
CDS/CPE/PVC/2004
11. WHO Commission on Macroeconomics and Health: Macroeco-
nomics and health: investing in health for economic develop-
ment.  Geneva: World Health Organization; 2001. Malaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
Page 9 of 10
(page number not for citation purposes)
12. WHO: Report of the global partners' meeting on neglected
tropical diseases: 2007 – a turning point: Geneva, Swizer-
land, 17–18 April 2007.  Geneva: World Health Organization; 2007. 
13. WHO: WHO position statement on integrated vector man-
agement.  Wkly Epidemiol Rec 2008, 83:177-181.
14. Rafatjah HA: Prospects and Progress on IPM in World-wide
Malaria control.  Mosq News 1982, 42:491-498.
15. Metcalf RL, Novak RJ: Pest-management strategies for insects
affecting human and domestic animals.  In Introduction to Insect
Pest Management 3rd edition. Edited by: Metcalf RL, Luckman WH. John
Wiley & Sons, Inc; 1994. 
16. Novak RJ, Lampman RL: Public Health Pesticides: Principles.  In
Handbook of Pesticide Toxicology  Volume 1. 3rd edition. Edited by:
Krieger R. New York, NY: Academic Press; 2001:181-201. 
1 7 . B a r a t  L M ,  P a l m e r  N ,  B a s u  S ,  W o r r a l l  E ,  H a n s o n  K ,  M i l l s  A :  Do
malaria control interventions reach the poor? A view
through the equity lens.  Am J Trop Med Hyg 2004, 71:174-178.
18. Nyarango PM, Gebremeskel T, Mebrahtu G, Mufunda J, Abdulmumini
U, Ogbamariam A, Kosia A, Gebremichael A, Gunawardena D, Ghe-
brat Y, Okbaldet Y: A steep decline of malaria morbidity and
mortality trends in Eritrea between 2000 and 2004: the
effect of combination of control methods.  Malar J 2006, 5:33.
19. Protopopoff N, Van Bortel W, Marcotty T, Van Herp M, Maes P, Baza
D, D'Alessandro U, Coosemans M: Spatial targeted vector con-
trol is able to reduce malaria prevalence in the highlands of
Burundi.  Am J Trop Med Hyg 2008, 79:12-18.
20. Protopopoff N, Van Herp M, Maes P, Reid T, Baza D, D'Alessandro
U, Van Bortel W, Coosemans M: Vector control in a malaria epi-
demic occurring within a complex emergency situation in
Burundi: a case study.  Malar J 2007, 6:93.
21. Gu W, Novak RJ: Habitat-based modeling of impacts of mos-
quito larval interventions on entomological inoculation
rates, incidence, and prevalence of malaria.  Am J Trop Med Hyg
2005, 73:546-552.
22. Gu W, Regens JL, Beier JC, Novak RJ: Source reduction of mos-
quito larval habitats has unexpected consequences on
malaria transmission.  Proc Natl Acad Sci USA 2006,
103:17560-17563.
23. Killeen GF, Fillinger U, Kiche I, Gouagna LC, Knols BG: Eradication
of Anopheles gambiae from Brazil: lessons for malaria control
in Africa?  Lancet Infect Dis 2002, 2:618-627.
24. Killeen GF, Fillinger U, Knols BG: Advantages of larval control for
African malaria vectors: low mobility and behavioural
responsiveness of immature mosquito stages allow high
effective coverage.  Malar J 2002, 1:8.
25. Le Menach A, McKenzie FE, Flahault A, Smith DL: The unexpected
importance of mosquito oviposition behaviour for malaria:
non-productive larval habitats can be sources for malaria
transmission.  Malar J 2005, 4:23.
26. Walker K, Lynch M: Contributions of Anopheles larval control
to malaria suppression in tropical Africa: review of achieve-
ments and potential.  Med Vet Entomol 2007, 21:2-21.
27. Fillinger U, Lindsay SW: Suppression of exposure to malaria
vectors by an order of magnitude using microbial larvicides
in rural Kenya.  Trop Med Int Health 2006, 11:1629-1642.
28. WHO: Global malaria control and elimination: report of a
technical review.  World Health Organization; 2008. 
29. Okie S: A new attack on malaria.  N Engl J Med 2008,
358:2425-2428.
30. Impoinvil DE, Ahmad S, Troyo A, Keating J, Githeko AK, Mbogo CM,
Kibe L, Githure JI, Gad AM, Hassan AN, Orshan L, Warburg A, Cal-
deron-Arguedas O, Sanchez-Loria VM, Velit-Suarez R, Chadee DD,
Novak RJ, Beier JC: Comparison of mosquito control programs
in seven urban sites in Africa, the Middle East, and the Amer-
icas.  Health Policy 2007, 83:196-212.
31. Morens DM: Confronting Vector-Borne Diseases in an Age of
Ecologic Change.  In Vector-Borne Diseases: Understanding the Envi-
ronmental, Human Health, and Ecological Connections, Workshop Sum-
mary (Forum on Microbial Threats) Edited by: Lemon SM, Sparling PF,
Hamburg MA, Relman DA, Choffnes ER, Mack A. Washington, D.C.: The
National Academies Press; 2008:274-283. 
32. Chanda E, Masaninga F, Coleman M, Sikaala C, Katebe C, Macdonald
M, Baboo KS, Govere J, Manga L: Integrated vector manage-
ment: the Zambian experience.  Malar J 2008, 7:164.
33. Chinery W: Impact of rapid urbanization on mosquitoes and
their disease transmission potential in Accra and Tema,
Ghana.  Afr J Med Med Sci 1995, 24:179-188.
34. Chinery WA: Effects of ecological changes on the malaria vec-
tors Anopheles funestus and the Anopheles gambiae complex
of mosquitoes in Accra, Ghana.  J Trop Med Hyg 1984, 87:75-81.
35. Knudsen AB, Slooff R: Vector-borne disease problems in rapid
urbanization: new approaches to vector control.  Bull World
Health Organ 1992, 70:1-6.
36. Konradsen F, Hoek W van der, Amerasinghe FP, Mutero C, Boelee E:
Engineering and malaria control: learning from the past 100
years.  Acta Trop 2004, 89:99-108.
37. Keiser J, Singer BH, Utzinger J: Reducing the burden of malaria
in different eco-epidemiological settings with environmental
management: a systematic review.  Lancet Infect Dis 2005,
5:695-708.
38. Utzinger J, Tozan Y, Doumani F, Singer BH: The economic payoffs
of integrated malaria control in the Zambian copperbelt
between 1930 and 1950.  Trop Med Int Health 2002, 7:657-677.
39. Utzinger J, Tozan Y, Singer BH: Efficacy and cost-effectiveness of
environmental management for malaria control.  Trop Med Int
Health 2001, 6:677-687.
40. Bang YH, Sabuni IB, Tonn RJ: Integrated control of urban mos-
quitoes in Dar es Salaam using community sanitation supple-
mented by larviciding.  East Afr Med J 1975, 52:578-588.
41. Hinman EH: The management of water for malaria control.
Symposium on Human Malaria: 1941; Philadelphia 1941:324-332.
42. Wiseman RH, Symes CB, McMahon JB, Teesdale C: Report on a
malaria survey of Mombasa.  Nairobi, Kenya: The Government
Printer; 1939. 
43. Killeen GF, McKenzie FE, Foy BD, Schieffelin C, Billingsley PF, Beier
JC: The potential impact of integrated malaria transmission
control on entomologic inoculation rate in highly endemic
areas.  Am J Trop Med Hyg 2000, 62:545-551.
44. McKenzie FE, Baird JK, Beier JC, Lal AA, Bossert WH: A biologic
basis for integrated malaria control.  Am J Trop Med Hyg 2002,
67:571-577.
45. Ross R: The Prevention of Malaria.  London: John Murray; 1911. 
46. Caldas de Castro M, Yamagata Y, Mtasiwa D, Tanner M, Utzinger J,
Keiser J, Singer BH: Integrated urban malaria control: a case
study in Dar es Salaam, Tanzania.  Am J Trop Med Hyg 2004,
71:103-117.
47. Gilroy AB, Bruce-Chwatt LJ: Mosquito-control by swamp drain-
age in the coastal belt of Nigeria.  Ann Trop Med Parasitol 1945,
39:19-40.
48. Schliessmann DJ, Joseph VR, Solis M, Carmichael GT: Drainage and
larviciding for control of a malaria focus in Haiti.  Mosq News
1973, 33:371-378.
49. Sharma VP, Sharma RC: Cost effectiveness of the bio-environ-
mental control of malaria in Kheda district, Gujarat.  Indian J
Malariol 1986, 23:141-145.
50. Sharma VP, Sharma RC, Gautam AS: Bio-environmental control
of malaria in Nadiad, Kheda district, Gujarat.  Indian J Malariol
1986, 23:95-117.
51. Breman JG, Mills A, Snow RW, Mulligan J, Lengeler C, Mendis C,
Sharp B, Morel C, Marchesini P, White M, Steketee RW, Doumbo
OK: Conquering Malaria.  In Disease Control Priorities in Developing
Countries 2nd edition. Edited by: Jamison DT, Breman JG, Measham AR,
Alleyne G, Claeson M, Evans DB, Jha P, Mills A, Musgrove P. Washington,
D.C.: Oxford University Press and the World Bank; 2006:413-431. 
52. Goodman C, Coleman P, Mills A, World Health Organization: Eco-
nomic analysis of malaria control in Sub-Saharan Africa.
Geneva: Global Forum for Health Research; 2000. 
53. Goodman CA, Mills AJ: The evidence base on the cost-effective-
ness of malaria control measures in Africa.  Health Policy Plan
1999, 14:301-312.
54. el Gaddal AA: The Blue Nile Health Project: a comprehensive
approach to the prevention and control of water-associated
diseases in irrigated schemes of the Sudan.  J Trop Med Hyg
1985, 88:47-56.
55. Wijesundera Mde S: Malaria outbreaks in new foci in Sri Lanka.
Parasitol Today 1988, 4:147-150.
56. Peiris JS, Amerasinghe FP, Arunagiri CK, Perera LP, Karunaratne SH,
Ratnayake CB, Kulatilaka TA, Abeysinghe MR: Japanese encephali-
tis in Sri Lanka: comparison of vector and virus ecology inPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Malaria Journal 2008, 7(Suppl 1):S4 http://www.malariajournal.com/content/7/S1/S4
Page 10 of 10
(page number not for citation purposes)
different agro-climatic areas.  Trans R Soc Trop Med Hyg 1993,
87:541-548.
57. Yasuoka J, Levins R, Mangione TW, Spielman A: Community-based
rice ecosystem management for suppressing vector anophe-
lines in Sri Lanka.  Trans R Soc Trop Med Hyg 2006, 100:995-1006.
58. Berg H van den, Das PK, von Hildebrand A, Ragunathan V: Evalua-
tion of the Integrated Pest and Vector Management (IPVM)
project in Sri Lanka.  New Dehli: World Health Organization, South
East Asia Regional Office; 2006:1-46. 
59. Berg H van den, Knols BG: The Farmer Field School: a method
for enhancing the role of rural communities in malaria con-
trol?  Malar J 2006, 5:3.
60. Fillinger U, Kannady K, William G, Vanek MJ, Dongus S, Nyika D,
Geissbuhler Y, Chaki PP, Govella NJ, Mathenge EM, Singer BH,
Mshinda H, Lindsay SW, Tanner M, Mtasiwa D, de Castro MC, Killeen
GF: A tool box for operational mosquito larval control: pre-
liminary results and early lessons from the Urban Malaria
Control Programme in Dar es Salaam, Tanzania.  Malar J
2008, 7:20.
61. Manga L, Toure A, Shililu J: Implementation of Integrated Vec-
tor Management in the WHO-African Region: Progress
Report 2000–2003.  Washington, DC: Environmental Health Project,
U.S. Agency for International Development; 2004:1-26. 
62. WHO:  Vector Biology and Control Unit: Annual Report
2003.  Harare, Zimbabwe: World Health Organization; 2003:1-32. 
63. Townson H, Nathan MB, Zaim M, Guillet P, Manga L, Bos R, Kind-
hauser M: Exploiting the potential of vector control for dis-
ease prevention.  Bull World Health Organ 2005, 83:942-947.
64. Pardo G, Descalzo MA, Molina L, Custodio E, Lwanga M, Mangue C,
Obono J, Nchama A, Roche J, Benito A, Cano J: Impact of different
strategies to control Plasmodium infection and anaemia on
the island of Bioko (Equatorial Guinea).  Malar J 2006, 5:10.